The chemical trap method has been used for monitoring of volcanic activity. In this method, a strong alkaline water solution was exposed in ambient air. Acidic gases, such as SO 2 , H 2 S, HCl and HF are absorbed in KOH solution without any instrumental support. For sulfur isotopic monitoring with this method, however, a sulfur isotopic fractionation between fumarolic gas and sulfur trapped in KOH solution occurs . In this study, the magnitude of isotopic fractionation was experimentally determined for SO 2 and H 2 S gases. The δ 34 S of SO 2 and H 2 S gases absorbed by KOH solution is, respectively, 2.4 and 6.5‰ lower than the gases in air, which agreed with the theoretical prediction based on molecular diffusion of SO 2 and H 2 S in air.
INTRODUCTION
Sulfur isotopic monitoring of volcanic gases contributes to the modeling of magma degassing processes (e.g., Marini et al., 1998 Marini et al., , 2002 Kusakabe et al., 2000; Luhr and Logan, 2002) . The volcanic gas of Miyakejima is discharged from the caldera floor, which is inaccessible. In order to sample the volcanic gas, we employed the chemical trap method developed by Noguchi and Kamiya (1963) . The chemical trap method is a simple method using a strong alkaline solution which is exposed in ambient air. Due to the strong alkalinity of the solution, acidic gases in ambient air are absorbed in the solution without any instrumental support. The chemical trap has been used tal results of sulfur isotopic fractionation during the chemical trap are then applied to the estimate sulfur isotopic ratio of volcanic discharges from Miyakejima volcano.
Eruptive history of the Miyakejima volcano
Miyakejima is one of the active insular volcanoes located in the Pacific Ocean, 180 km south of Tokyo, Japan (Fig. 1) . The volcano is a stratovolcano composed of basaltic lava, developed on the volcanic front (Sugimura, 1960) along the boundary between the Philippine Sea and Pacific plates. The shape of volcano is circular, with a diameter of about 8 km, and supports a population of 2800. At recent eruptions in 1940 At recent eruptions in , 1962 At recent eruptions in and 1983 , basaltic lava was discharged from vents on the flank or discharged from the top of the volcano. The eruption in 2000 however was different from the previous eruptions. On the 8th of June, 2000, a small explosive eruption occurred at the top of the volcano. After the first eruption, small eruptions continued intermittently over one month (Nakada et al., 2005) . During the eruptive activity, the summit area had subsided, resulting in a formation of caldera, with a diameter and depth of 1600 m and 500 m, respectively (Geshi et al., 2002) . On the 10th, 18th and 29th of August, 2000 , relatively large explosive eruptions took place at the summit of the volcano. The plume of the eruption on the 18th August, 2000, rose up to 16 km high (Nakada et al., 2005) . After the explosive eruptions, a large amount of SO 2 gas began to be discharged from the caldera. The SO 2 flux reached a maximum of 54,000 ton/day in October, 2000 (Kazahaya et al., 2004) . The volcano has been continuing to discharge SO 2 gas with a flux much larger than several thousand ton per day over five years.
VOLCANIC GAS OBSERVATION
We installed three cylindrical plastic beakers containing 250 ml of KOH solution on the flank of Miyakejima volcano. The location of installation was on the sea shore southeast of the summit (s1), on the middle of the flank (s2) and at the southwestern caldera rim (s3) (Fig. 1) . The beakers were 8.5 tall and 11 cm in diameter. The surface area of KOH solution was 56.7 cm 2 . The beaker was exposed to open air over one to seven months guarded with a roof to prevent contamination by rainwater. Nine successive samplings were carried out at s1 in the period of Nov. 2000 to Feb. 2005 , to monitor temporal variation in the δ 34 S of volcanic gas. Three chemical traps were installed in Feb. to Mar. 2002 , to detect spatial variation in δ 34 S. After exposure to open air, the volume of KOH solution was reduced due to evaporation of H 2 O. The solution was made up to 250 ml. A 20 to 100 ml aliquot of solution was taken, and reacted with a Br 2 -saturated water to oxidize the sulfur species (Ozawa, 1968) . The oxidized KOH solution was then neutralized with HCl solution. By adding a 10 wt.% BaCl 2 solution to the neutralized solution, BaSO 4 precipitate was obtained. The amount of BaSO 4 precipitate was determined by gravimetric analysis. The amount of SO 2 and H 2 S absorbed by the KOH solution was calculated from the amount of BaSO 4 precipitate. The BaSO 4 precipitate was then converted to SO 2 gas by the method of Yanagisawa and Sakai (1983) for the δ 34 S measurement. The sulfur isotope ratios of the SO 2 gas were measured with a MAT252 mass spectrometer.
OBSERVATIONAL RESULTS
The amount and δ 34 S of BaSO 4 precipitates prepared from the KOH solution are shown in Table 1 . The rate of absorption of sulfur-bearing gases (SO 2 and H 2 S) (r: mol sec -1 m -2 ) is defined to be . ,
where a is the total amount of BaSO 4 (g) in KOH solution, t is the duration of exposure of KOH solution (sec.) and s is the surface area of KOH solution (m 2 ). The absorption rate was high in the initial period of observation (Fig. 2) , with a quick decrease after the initial period.
The δ 34 S of sulfur-bearing gases trapped at s1 shows a gradual increase in Jan. 2001 to Apr. 2002 (Fig. 2) 
ABSORPTION EXPERIMENTS
We carried out two types of laboratory experiments to investigate the isotopic fractionation of SO 2 and H 2 S gases during the absorption by KOH solution. In one type of experiment, a KOH solution was exposed in a chamber box filled with air containing relatively high concentrations of SO 2 and H 2 S. This will be referred to as the "batch type absorption experiment". In the second experiment, KOH solution was exposed to flowing air containing relatively low concentrations of SO 2 and H 2 S. This will be referred to as the "flow type absorption experiment".
Batch type absorption experiment
The configuration of the batch type absorption experiment is shown in Fig. 3 . The experiment was carried out at 16 to 23°C, and at about 890 hPa which is the normal atmospheric pressure of the laboratory, located at an altitude of 1000 m above sea level. 20 ml of 5M KOH solution in a plastic beaker was placed in a closed chamber made of acrylic plastic sheet, the volume of which was 101.25 liters. A deep and a shallow beaker of 85 and 30 mm height, respectively, were used in the experiments. The surface area of KOH solution in the beaker was 18.1 cm 2 . In order to test the effect of wind on the absorption rate and isotopic fractionation, a mesh with aperture size 1.6 mm was placed on top of the beaker.
The top of the beaker was covered with a plate before exposure to SO 2 or H 2 S gases. 60 ml of concentrated SO 2 or H 2 S gas was injected to the chamber through a stopcock. To homogenize the air in the chamber, a fan in the chamber box was rotated after the injection. The SO 2 or H 2 S concentration in the chamber was measured by GASTEC ® gas detector tubes after the injection. The concentration indicated by the detector tube was 400 ppm. The density of SO 2 and H 2 S gases in the chamber box was calculated to be 0.0163 mol m -3 based on the reading of the gas detector and the ambient temperature and pressure. The plate covering the beaker with the KOH solution was removed to expose the KOH solution to the chamber air over 5 to 15 minutes, at which point the cover was replaced. During some of the experimental runs, the fan homogenized the air in the chamber during exposure of the KOH solution.
When the air was mixed, the surface of the KOH solution was slightly agitated, since small ripples were observed on the surface of the KOH solution. For the δ 34 S measurement of SO 2 or H 2 S in the chamber, 4 liters of air was sampled through a stopcock after exposure to KOH solution, by use of an impinger which contained 70 ml of 0.7 M KOH solution.
Flow type absorption experiment
For the δ 34 S measurement of SO 2 gas, at least 10 mg of BaSO 4 precipitate is necessary. In the batch type absorption experiments, the concentrations of SO 2 and H 2 S in the chamber box were as high as 400 ppm, because large amounts of gases should be absorbed within a short period. If the concentration of SO 2 and H 2 S in the chamber was low, a large portion of gases in the chamber box should be absorbed by the KOH solution, resulting in a modification of δ 34 S of SO 2 and H 2 S gas left in the chamber box. We took large concentrations of gases in the chamber air to avoid a modification of their isotope ratios. The SO 2 concentration at s1 was, however less than 20 ppm in 2001 (Soufuku et al., 2001) . The concentration of SO 2 and H 2 S in the batch type experiment was much higher than the concentration at the sampling site. In order to absorb SO 2 and H 2 S gases with a low concentration, the flow type experiment was carried out. The configuration of the flow type experiment is shown in Fig. 4 . Air mixed with SO 2 or H 2 S was prepared in a large Teflon bag. The concentration of SO 2 or H 2 S was 1.1 to 1.8 × 10 -3 (mol m -3 ), as low as a tenth of the concentration in the batch type absorption experiment. The air with SO 2 or H 2 S was introduced into a chamber where a 5M KOH solution was in place at the bottom. The surface area of the KOH solution was 23.8 cm 2 . The inflow of air is guided by a short glass tube. The outflow of air is guided by a long glass tube, which prevents agitation of the surface of the KOH solution. The outflowing air was washed with a 0.7M KOH solution in an impinger. The amount and δ 34 S of SO 2 and H 2 S recovered in the impinger were determined. The outlet of the impinger was connected to an air suction pump via a pressure absorber to eliminate the oscillation of air pressure. The pressure absorber was not used in the SO 2 absorption experiment.
Results of the batch type experiments
The results of the batch type absorption experiments are summarized in Table 2 . The rate of absorption was calculated by Eq. (1). The velocity of absorption (v) was given by
where r is the absorption rate and c is the SO 2 or H 2 S concentration in air. The velocity v is regarded to be a mean speed of SO 2 or H 2 S gas approaching the surface of KOH solution. The velocity was affected by the mixing of air, namely, the velocities of runs-1, 2, 3, 7 and 8 were higher than those of runs-4, 5, 6, 9 and 10. The height of the beaker slightly affected the velocity: the velocity of run-1 was slightly lower than that of run-2, in the same way as that the velocity of run-8 was slightly lower than the run-7. The presence of mesh on the aperture of beaker significantly affected the velocity: the velocity of run-3 was much higher than that of run-2. All of the δ 34 S values in the KOH solution were lower than the δ 34 S values of SO 2 and H 2 S in air. Due to the strong alkalinity of the KOH solution, the back pressure of SO 2 and H 2 S gas at the surface of the KOH solution would be negligibly small, which means that the SO 2 and H 2 S dissolved in the KOH solution was isolated from the SO 2 and H 2 S gases left in the chamber air. Therefore, the absorption of SO 2 and H 2 S by KOH solution can be considered as an "open system". The isotopic fractionation factor (α B ) in the batch type experiments is calculated by use of the following equation, 1 1000 1000 3
In the equation, ∆n is the amount of SO 2 or H 2 S dissolved in KOH solution and n 0 is the initial amount of SO 2 or H 2 S gases in the chamber air. δ A and δ A0 are the δ 34 S of SO 2 or H 2 S in the chamber after and before the absorption, respectively. δ A0 is given by Table 2 . In all cases the fractionation factor was less than unity, which means that lightisotope gas species were preferentially absorbed by the KOH solution. The isotopic fractionation of H 2 S is larger than that of SO 2 . The fractionation factor has a negative correlation with the velocity of absorption (Fig. 5) .
Results of the flow type experiments
The results of the flow type experiment are shown in Table 3 . The density of SO 2 or H 2 S was 1.07 × 10 -3 to 1.84 × 10 -3 (mol m -3 ). If the air temperature and pressure are assumed to be 25°C and 1013 hPa, respectively, the above gas density range corresponds to 26 to 45 ppm. We defined two different isotopic fractionation factors for the results of the flow type experiments. One is the fractionation factor α 1 ,
In Eq. (5), δ A0 is given by
where n F is the amount and δ F is the isotopic ratio of SO 2 or H 2 S gas flowing out of the absorption chamber. Another fractionation factor α 2 is defined by
The fractionation factor α 1 of SO 2 and H 2 S is consistent with α B (Fig. 5) . The fractionation factor α 2 of SO 2 and H 2 S is much lower than α 1 . The fractionation factor α 2 of SO 2 and H 2 S is also close to the α B found in the batch type experiment in cases where the velocity was higher than 0.015 m sec -1 .
DISCUSSION

Isotopic fractionation during the absorption to KOH solution
In general, the rate of absorption of an acidic gas such as SO 2 and H 2 S by strong alkaline solution is restricted by a thin air layer in contact with the surface of the solution (e.g., Danckwerts, 1970) . In the thin air layer, the movement of gas molecules is dominated by molecular diffusion. Thus the isotopic fractionation in the absorption experiments would be attributed to the molecular diffusion in the thin air layer contacting with the KOH solution. One example of SO 2 or H 2 S gas concentration distribution across the contact layer is shown in Fig. 6 . The distribution of gases was calculated from the diffusion equation, where the concentration in air at t = 0 was uniform, whereas the concentration in air contacting with KOH solution was zero. We define C(x, t) for the SO 2 or H 2 S concentration in air where t is time and x is the distance from the surface of KOH solution. According to Crank (1956) (p. 30, equation (3.13) 
where C 0 is the initial uniform concentration of gas in air. In Eq. (8), erf means the error function. The flux (F) of gases at the KOH solution surface is given by
where D is the molecular diffusion coefficient of gases in air. The isotope ratio (R KOH ) of gases absorbed by KOH solution is given by According to the formula by Chapman-Enskog (Hirschfelder et al., 1954, p. 539) , which predicts the diffusion coefficient in gas phase, the right hand side of above equation is given as where M 32 and M 34 are the molecular weights of gases containing 32 S and 34 S atoms, respectively, and M a is the molecular weight of air. For SO 2 and H 2 S, 1000lnα abs is calculated to be, -2.37 and -6.45, respectively. 1000lnα B for SO 2 and H 2 S is close to the theoretical value when the absorption rate is high (Fig. 5) . The α 2 obtained in the flow type experiments is almost identical to the theoretical values for both SO 2 and H 2 S (Fig. 5) .
The result of the batch type absorption experiment can be explained with the following two assumptions. The first assumption is an intrinsic kinetic fractionation between the gases adjacent to KOH solution and the gases absorbed in KOH solution, which does not depend on the velocity of absorption. The second assumption is the partial return to the bulk space in chamber box for the gases which had been once located adjacent to KOH solution. 
Fig. 7. Schematic view of the kinetic fractionation of gases at the absorption by KOH solution.
An explanatory scheme is shown in Fig. 7 . The bulk isotope ratio of gases in the chamber box and the gases escaped from the absorption by KOH solution are indicated to be δ A0 and δ F by analogy with the flow type experiment. The SO 2 and H 2 S gases in air are partially absorbed by KOH solution. The fraction of the absorbed gases is defined to be X, which corresponds to ∆n/(∆n + n F ) in Eq. (6). When X approaches unity, the fractionation between the bulk gases in chamber box and the absorbed gases (α B ) also approaches unity. This situation corresponds to the case where the velocity of absorption was low when the air in chamber is not mixed. When X approaches zero, namely, the fraction of absorbed gases was low, δ A0 approaches δ F , therefore, α B should similarly approach α 2 , because α 2 is constant. This situation corresponds to the case where the velocity of absorption is high when the air in chamber box is mixed.
The expected distribution of isotope ratios of gases adjacent to KOH solution is shown schematically in Fig.  8 . When the air in the chamber box is well-mixed, excepting the thin air layer in contact with KOH solution, the isotope ratio of gases would be uniform, therefore, α B is close to α 2 (curve A in Fig. 8 ). When the air in the chamber box is unmixed, a layer containing gases enriched in 34 S would be generated, resulting in the approach to unity of α B (curve B in Fig. 8 ).
Estimation of δ
34 S value in ambient air In field observations, SO 2 and H 2 S gases are simultaneously absorbed by KOH solution. Hence the isotope ratio of total sulfur in KOH solution would be the combination of the isotope ratio of SO 2 and H 2 S in ambient air.
We intend to estimate the combined sulfur isotope ratio in air based on the sulfur isotope ratio in KOH solution. The sulfur isotope ratio (δ AIR ) in ambient air is given by, SO 2 and H 2 S in air, respectively. These diffusion coefficients can be predicted by use of the formula by ChapmenEnskog with the molecular parameters of air, SO 2 and H 2 S (Hirschfelder et al., 1954 (Hirschfelder et al., , p. 1110 . The chemical fractionation factor β is calculated to be 0.8936 ± 0.0163 at 0 to 40°C. The difference between the isotopic ratios of SO 2 and H 2 S is an unknown factor. We assume that the initial volcanic mixture of SO 2 and H 2 S is equilibrated in terms of the isotope exchange reaction at a high temperature. The difference in the isotope ratio (∆ EQ ) between SO 2 and H 2 S is given by is the isotope fractionation factor between SO 2 and H 2 S. The fractionation factor is a function of temperature, T in Kelvin (Taylor, 1986) In Table 4 , calculated values for ∆ COR are shown. ∆ COR depends on the fraction of SO 2 in the SO 2 -H 2 S binary system. The dependence on the equilibrium temperature was weak. Sakai and Ueda (1984) compared the δ 34 S of sulfur species absorbed in KOH solution in ambient air and the δ 34 S of volcanic gas directly sampled from fumaroles at Mt. Usu in 1982. The average δ 34 S of sulfur in the KOH solution was +2.5‰, while the average δ 34 S of volcanic gas directly sampled from fumaroles was +5.8‰. Therefore, the sulfur isotope ratio in KOH solution would be 3.3‰ lower than the sulfur in ambient air. The y value observed in a high temperature (730°C) The finding by Sakai and Ueda (1984) is consistent with our experimental results (Table 4 ). According to Soufuku et al. (2001) , the y value after the eruption of Miyakejima volcano in 2000 was 0.79 to 0.86. The corresponding ∆ COR value is calculated to be +3.0 to +3.4‰. Taking this ∆ COR value and the δ 34 S of sulfur in KOH solution of +1.1 to +2.6‰ (Table 1) , the δ 34 S of sulfur in ambient air is estimated to be +4.1 to +6.0‰.
Application to the degassing process of magma
In the following discussion, we assume that the ∆ COR value for δ 34 S of KOH solution is common to all the samples obtained in field observation. The assumption seems to be acceptable because all of the KOH solution was exposed to ambient air over a period longer than 25 days. Based on the absorption experiments, the movement of air over the KOH solution affects the isotope fractionation. However, the long duration of exposure would have averaged the wind velocity well.
The SO 2 flux reached a maximum in the last half of 2000, then it decreased quickly until the middle of 2002 (Fig. 9) . If the SO 2 was discharged from a magma which had been isolated from other magma sources, the quick decrease in the flux can be explained by a simple depletion of sulfur in magma. According to Kazahaya et al. (2004) , the size of the magma chamber is larger than 2.3 km 3 . The depth of magma chamber is estimated to be -10 km (Saito et al., 2005) . Kazahaya et al. (2004) suggested that a convection of magma in conduit occurred, where a volatile-enriched magma was transported to a shallow space, while a degassed magma was submerged in conduit as a counter flow of the rising magma. (Fig. 2) .
The first stage of increase in δ 34 S is explained by an open system degassing. The change in the δ 34 S of gas (δ AIR ) discharged from magma is given by where F is the sulfur fraction remaining in the magma and α gas-magma is the isotope fractionation of sulfur between gas phase and magma (Marini et al., 1998 (Fig.  9) . The calculated δ KOH curves depend on the fractionation factor, α gas-magma . When 1000ln(α gas-magma ) is -0.1 to -0.3, the calculated δ KOH overlaps the observed δ KOH values (Fig. 9) . The fractionation factor α gas-magma is a function of oxygen fugacity ( fO 2 ), temperature and H 2 O fugacity. Marini et al. (1998) calculated α gas-magma based on the speciation of sulfur in the gas phase and also in silicate melt with isotope fractionation among the species. We have followed their calculation with the exception of speciation of sulfur in silicate melt. Marini et al. (1998) adopted the experimental results by Wallace and Carmichael (1992) . Instead of using the results by Wallace and Carmichael (1992) , we have taken the revised results by Wallace and Carmichael (1994) for the speciation in silicate melt. Following the calculation procedures of Fig. 10 . Oxygen fugacity dependence of the sulfur isotope fractionation between gas and magma. Fig. 9. A diagram for Marini et al. (1998) , the α gas-magma is described as the function of ∆NNO, temperature and fugacity of H 2 O as shown in Fig. 10 . The ∆NNO is a measure of oxygen fugacity relative to Ni-NiO buffer (Huebner and Sato, 1970) , the unit of which is the common logarithm of fO 2 . The relationship between 1000ln(α gas-magma ) and ∆NNO in Fig.  10 suggests that +0.6 to +1.2 of ∆NNO gives -1.0 to -0.3 for 1000ln(α gas-magma ). Yasuda et al. (2001) estimated magmatic fO 2 at Miyakejima based on the analysis of lava erupted in 2000. They estimated ∆NNO of +0.2 to +0.5, which is significantly lower than the values consistent with the 1000ln(α gas-magma ).
A similar discrepancy between fO 2 of magma and gas phase has been noticed at Kilauea volcano. Gerlach (1993) estimated the fO 2 based on the gas composition. Roeder et al. (2003) estimated fO 2 based on the petrological analysis of lava. The latter fO 2 is about 1.2 log units lower than the former fO 2 . The relationship is qualitatively common to the case of this study. Burgisser and Scaillet (2007) theoretically demonstrated the fO 2 change of a rhyolitic magma during the degassing, suggesting that a similar change in fO 2 would be possible for basaltic magma. The discrepancy in fO 2 found in this study would be attributed to the degassing effect. The δ KOH obtained by the field observation decreased abruptly in the middle of 2002. The decrease may indicate degassing of a new magma injected into the existing magma chamber. Probably a magma "exchange" happened between the magma chamber and an unknown magma source situated at a much deeper place. The density of magma decreases with the loss of dissolved H 2 O. The degassed magma in chamber might drop in the conduit connecting to a deeper magma source. A new light volatile enriched magma would be injected into magma chamber to compensate the volumetric loss by the drop of heavy magma. Kazahaya et al. (2004) suggested the convection of magma within the conduit connecting the magma chamber and surface. A similar magma convection would have happened in 2002 between the magma chamber and a much deeper magma source. The magma exchange would be supported by the temporal change in SO 2 flux. The SO 2 flux decreased quickly after the maximum in late 2000 (Fig. 9) . The flux leveled off in the middle of 2002 followed by the slight increase in 2003 and 2004. The increase in δ KOH after the middle of 2002 can be also explained by open system degassing. As shown in Fig. 9 , the range of calculated δ KOH satisfies the observed δ KOH , where the start and end time of degassing was assumed to be 1st of Aug. 2002 and 1st of Mar. 2005 .
Intrinsic δ
34 S of sulfur in magma By the use of the fractionation factor, α gas-magma , the intrinsic δ 34 S of sulfur in magma (δ magma ) is given by According to the former discussion, δ KOH had increased with the progress of degassing. The δ KOH of the initial stage of degassing reflects the intrinsic δ magma . Accepting that the initial δ KOH is +1.1 to +1.3, ∆ COR is +3.0 to +3.4 and ∆ gas-magma is -1.0 to -0.3, and δ magma is given as +4.4 to +5.7‰. Ueda and Sakai (1984) estimated +5 to +7‰ for δ magma of Quaternary volcanoes in the Japanese island arc, which is almost identical to the estimation in this study. Imai et al. (2007) analyzed the water soluble sulfate adhered on volcanic ash which was ejected from Miyakejima volcano. They concluded that the δ magma should be less than +4.9‰. Their estimation overlaps the range in this study.
CONCLUSIONS
The isotopic fractionation of SO 2 and H 2 S gases during the absorption by KOH solution was experimentally confirmed. Isotopically light molecules are preferentially absorbed by KOH solution. The theoretical prediction of 1000lnα abs , where α abs is the fractionation factor of absorption, based on molecular diffusion is -2.37 and -6.45 for SO 2 and H 2 S, respectively.
In the monitoring of volcanic discharge, SO 2 and H 2 S gases are simultaneously absorbed by KOH solution. A correction term is necessary to retrieve the isotopic ratio in ambient air based on the isotope ratio in KOH solution. The value of correction term ranges from +2.73 to +6.45, which should be added to the δ 34 S of KOH solution. The value of correction term is mainly a function of SO 2 /(SO 2 + H 2 S) molar ratio.
The KOH solution trap method was applied to the volcanic gas at Miyakejima. The increase in δ 34 S of KOH solution along the progress of time could be explained by open system degassing of magma. The value of -0.3 to -1.0 for 1000lnα gas-magma is necessary to produce the increase in the δ 34 S, where α gas-magma is the fractionation factor between gas and magma. The fractionation factor α gas-magma is a function of oxygen fugacity. The value of +0.6 to +1.2 for ∆NNO is required to obtain -0.3 to -1.0 for 1000lnα gas-magma . The required oxygen fugacity is significantly higher than the oxygen fugacity of magma estimated petrologically by Yasuda et al. (2001) , suggesting a disequilibrium between gas and magma in terms of oxygen fugacity.
The intrinsic δ 34 S CDT was estimated to be +4.4 to +5.7‰ for the magma of Miyakejima in this study, which is consistent to the value for Quaternary volcanoes in Japanese Island arc estimated by Ueda and Sakai (1984) .
